Micro-organisms and growth media. The parent strain was B. subtilis metB5 leu-8 ile-I and will be called 172. Into this strain rodA (tag-1 of Boylan et al. 1972) and rodB genes were introduced by transformation and transduction (Karamata et al. 1972) ; at the same time the requirement for L-isoleucine or for both L-isoleucine and L-methionine was eliminated. The strain B. subtilis metB5 leu-8 rodA will be referred to as strain rodA, whilst B. subtilis leu-8 rodB will be called rodB. Discussion of the nomenclature of these strains is set out in Karamata et al. 1972 . Bacillus subtilis ald nic (Berberich, Kaback & Freese, 1968) was kindly sent to us by Dr E. Freese of the National Institutes of Health, Bethesda, Washington, D.C., U.S.A. Unsuccessful attempts were made to transfer the genes determining the requirement for D-alanine from this strain to B. subtilis metB5 leu-8 rodA, but no transformants could be obtained. In consequence, DNA was isolated from B. subtilis metBg leu-8 rodA and introduced into the D-alanine-requiring strain; at the same time the nicotinic acid requirement was eliminated to give B. subtilis ald rodA. This strain will be called rodA ald. Since B. subtilis 172 could no longer be properly regarded as the parent strain for this transformant, a revertant from rodA ald which had lost the RodA phenotype was isolated as B. subtilis ald.
The strains 172, rodA and rodB were grown in the minimal salts-glucose medium of Sargent (1973) and the cultures were shaken to provide aeration. The morphology under the various conditions was frequently checked during the course of the experiments. At the end of each experiment subcultures were made and incubated under the restrictive conditions to ensure that revertants had not been selected under the permissive conditions (i.e. when the mutants appeared as rods and could not be distinguished morphologically from revertants). The D-alanine-reqUiring strains were grown on casein hydrolysate-yeast extract medium (CHY) (Hughes, I 968) supplemented with 40 pg D-alanine/ml because their growth in minimal salts media was poor, very slow and required heavy inoculation. Under such conditions a D-alanine requirement for growth could not be demonstrated.
Measurement of growth. The cultures were grown in flasks with side arms. At the required times the cultures were tipped into the side arms and the extinction values at 675 nm measured on a Unicam 600 spectrophotometer. In separate experiments the extinction values for cultures of all the mutants growing in their various morphological forms were related to measured dry weights. The bacteria were centrifuged from the cultures, washed twice with On: Sun, 06 Jan 2019 12:41:49
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water, and the extinction values of a series of dilutions of the suspensions were measured at 675 nm. Measured volumes from the remainder of the suspensions were then dried to constant weight at 105 "C and the weights of the residues recorded. Small but significant differences were found according to whether the organisms were coccal-or rod-shaped. Calibration curves for rodA growing in the minimal salts-glucose medium and rodA ald growing in CHY were not identical, for either rod or coccal forms. Estimation of mucopeptide biosynthesis. The most satisfactory way of measuring mucopeptide synthesis by bacilli would be to study the incorporation of radioactively-labelled 2,6-diaminopimelic acid using an auxotroph requiring both this amino acid and lysine, because under these circumstances only incorporation into mucopeptide and its precursors occurs. Unfortunately, B. subtilis is unable to incorporate 2,6-diaminopimelic acid significantly, and numerous attempts to isolate mutants either requiring it or incorporating it have failed. Two alternative methods were consequently used. In earlier work the incorporation of N-acetyl[ I -1 4 C ] g l~~~~a m i n e into the mucopeptide fraction isolated as described below was studied. This method was subsequently confirmed and extended by studying the incorporation of D-[ ~-l~C]alanine into the mucopeptide of the D-alanine auxotroph. The general procedure in which N-acetyl[ I -14C]glucosamine was used, was to grow the bacteria exponentially with unlabelled N-acetylglucosamine (0.3 mM) overnight (I o to 20 generations), to allow induction of the necessary enzymes for transport and/or incorporation of the amino sugar. The next day the cultures, still growing exponentially at a density of about 0.1 mg dry wt/ml, were transferred into the same medium supplemented by N-acetyl[r-14C]-glucosamine at a final concentration of 0.3 mM and with a specific activity of 0-2 pCi/pmol. These cultures (0.1 to 1-0 pg dry wt/ml) were then allowed to grow for 3 to 5 generations, when the conditions of one culture were shifted to obtain the morphological change; two other cultures remained under the conditions at which they had been growing, as controls. Duplicate samples (I ml) were taken from the cultures into equal volumes of cold afterwards for as long as bacterial mass increased exponentially.
~-[~-l~C]alanine was used in the same way except that CHY medium was supplemented by ~-[~-~~C ] a l a n i n e (40 pglml; 0.1 8 pCi/pmol). One of the samples taken into trichloroacetic acid was filtered through the glass fibre disc after 24 h, the organisms washed with trichloroacetic acid containing unlabelled D-alanine, and the disc dried. The other sample was used for mucopeptide isolation as described below.
Isolation of mucopeptide. The samples in 5 % (w/v) trichloroacetic acid were stored overnight at 2 "C. They were then heated to 90 "C for 20 min in a water bath, filtered under vacuum through 2.5 cm glass fibre filters (Whatman GF/C) held on sintered glass discs in Millipore filter holders. The discs were washed with 2 x I ml H,O, and successively with 20x 2 ml 75 yo (v/v) ethanol, 2 x 10 ml H,O and 10 ml 0.1 M-Na-K phosphate buffer pH 8.0. The glass fibre discs were then put into vials containing 2 ml trypsin (I mg/ml) dissolved in the same buffer. They were incubated at 35 "C for 3 to 4 h, and the discs were then removed on to Millipore filter holders (Swinnex-25) containing a dry glass fibre filter. The trypsin solution remaining in the vials was filtered through them and the discs were washed with 2 x 0.5 ml water before drying for estimation of radioactivity.
Protein synthesis. The I 72 strains used required L-leucine. Consequently, ~-[2,3-~H]leucine (specific activity 0.14 pCi/pmol) was included in the minimal salts-glucose medium at a concentration of 0.4 pmol/ml. During the preparation of mucopeptide, the residue remaining after extraction with alcohol and with hot and cold trichloroacetic acid was digested with trypsin (see above). A sample (I -0 ml) of the mixed digest and washings was dried on a glass fibre disc and counted for tritium to estimate protein biosynthesis. Some organisms incorporate L-leucine into the fatty acids of the phospholipids (Lennarz, 1966) . However, with these auxotrophs such incorporation was not sufficient to distort estimates of incorporation into trypsin-digestible protein, Radioactive counting. The discs from the filter holders and those in the vials were dried overnight at 60 "C, suspended in 5-0 ml toluene containing 2,5-diphenyloxazole (0.5 %) and I ,~-bis-(~-methyl-~-phenyloxazole-~yl) benzene (0.03 %) and counted for 14C and 3H
in a Packard scintillation counter with the appropriate differential settings. More than 2000 counts were collected per sample. For counting liquid samples a dioxane-based scintillation fluid was used (Rogers, 1967) . Estimation of the specijk activity of amino sugars. Samples (10 ml) of the cultures containing N-acetyl[~-~~C]glucosamine were taken when the growth had reached about IOO to 200 pg/ml, and 10 % (w/v) trichloroacetic acid (10 ml) was added. They were then treated as above for the preparation of mucopeptide up to the stage of drying the filter discs, which were instead transferred to tubes and I ml of 4 N-HCl added. Condensers were added and the tubes heated at IOO "C for 4 h. The hydrolysates were filtered, the filter washed with water and the combined filtrate and washings evaporated to dryness in vacua The residue was dissolved in 0.5 ml H 2 0 and 25 pl counted. Two columns (0.75 x 21.5 cm) containing Dowex-50 (200 to 400 mesh) previously washed with 2 1 of 0.1 M-pyridine-acetate buffer, pH 2.8, were eluted with 200 ml of the buffer. Samples (0.2 ml) of the dissolved residue were applied to the columns and the flow of buffer continued until 14 to 15 fractions of 5.0 ml had been collected. The buffer was then changed to 0.1 33 M-pyridine-acetate at pH 3-85 and 19 further 5.0 ml fractions collected. The fractions containing radioactivity were pooled and evaporated to dryness in a rotary evaporator, and the residues were dissolved in water, transferred to tubes and evaporated to dryness in vacuo. The final residues were dissolved in 0.2 or 0.5 ml H20. A control column, to which 0.4 pCi [~-~*C]glucosamine (specific activity 5 pCi/pmol), 2 pmol galactosamine and 2 mg muramic acid were added, was eluted under exactly the same conditions. Amino sugars and radioactivity were measured in the individual fractions eluted from the columns. Good separation between the amino sugars was obtained.
Incorporation of D-[ I J4C]alanine into teichoic acid. Most teichoic acids examined contain D-alanine attached by an ester linkage to the hydroxyl groups of either the polyol or the sugars. When the mutant rodA ald had been grown in the presence of ~-[~-l~C]alanine, over go % of the radioactivity appeared in three fractions : (i) the cold trichloroacetic acid (5 %) extract (for 18 h at o to 4 "C); (ii) the mucopeptide; and (iii) the 90 "C trichloroacetic acid extract. In each fraction the radioactivity was shown by paper chromatography to be present only as alanine. The radioactivity in the first fraction was present mostly as free alanine and was assumed to be pool amino acid. The hot trichloroacetic acid fraction would be expected to contain degraded teichoic acids, and the alanine present was assumed to have been associated with them. If this interpretation is correct, it should be possible to confirm it by preparing the walls from mechanically disrupted organisms and removing the D-alanine from their teichoic acids by treatment with ammonia (0.1 N for 2 h at room temperature). Allowing for the difficulties of quantitative recoveries of walls, the results from the disrupted organisms agree with those obtained by trichloroacetic acid extraction ( Table I) . More radioactivity appears in the soluble fraction after disintegration (expt 11) and less in the wall fraction, than would have been expected from the trichloroacetic acid extraction. This is presumably due partly to solubilization of wall material during disintegration and partly to possible rupture of the labile ester bond in the teichoic acid. The soluble cytoplasmic material remaining after removing the walls was fractionated on both DEAE and Sephadex
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Wall synthesis by rod mutants Table I . Fractionation by trichloroacetic acid extraction and mechanical breakage of ~-[~-~~C ] a l a n i n e incorporated into a culture of rodA aldgrown at 30 and 45 "C Samples were taken from cultures growing exponentially in CHY medium containing 40 ,ug/ml ~-[~J*C]alanine (specific activity 0.18 pCi/pmol for I; 0.045 ,uCi/pmol for 11). The results are the means of three successive samples. In I the initial cpm/mg bacteria were 2.172 and 5-042 x 104, and in I1 the total radioactivity in the disintegrate was equivalent to 1-43 x I O~ and 5-5 x 105 cpm after growth at 30 and 45 "C, respectively. In I, bacteria were washed and then treated with cold and hot 5 % (w/v) trichloroacetic acid as described under 'Isolation of mucopeptide'. Trichloroacetic acid was removed from the filtrates by three extractions with an equal volume of diethyl ether, and residual ether removed by a stream of air. All samples were counted by drying onto GFC discs.
In 11, bacteria were grown and harvested in the same way as for I, but after washing were suspended in one-tenth of the volume of the original culture of I % (w/v) sodium dodecylsulphate to inactivate autolytic enzymes. The suspension was treated for two periods of two min with Ballotini beads in the Braun homogenizer, cooled with liquid C02 and filtered through sintered glass. The filtrate was centrifuged at 40000 g for 10 min at 5 "C and the supernatant centrifuged at IOOOOO g for 30 min to remove membrane fragments. The final supernatant was called cytoplasmic fractions. The walls were washed repeatedly to remove sodium dodecylsulphate and finally dried from the frozen state. * Results expressed as % of the total radioactivity in the bacteria. t Includes the radioactivity in the washings from the walls ( 1 0 to 20 % of the total).
I. Trichloroacetic acid extraction
1 Includes radioactivity (about 10 % of the total) in the lower layers of the wall preparation which may contain some unbroken organisms.
G50 columns and in both cases the excess radioactivity behaved as free amino acid. It was, therefore, provisionally concluded that some of the very labile ester linkages in the walls, particularly from bacteria grown at 30 "C, were hydrolysed during the breakage of the organisms and preparation of the walls. About 10 % of the radioactivity in the cytoplasmic solution from bacteria grown at either temperature behaved as teichoic acid containing both phosphorus and glycerol in approximately equimolar amounts to the D-alanine. In subsequent work, it was assumed that the difference between the amount of ~- [~-l~C] suspended in 10 ml o-2 N-NaOH. Protein estimations were made on this suspension by the method of Lowry, Rosebrough, Farr & Randall (I 95 I) using bovine serum albumen as the standard. Another sample (6.0 ml) was adjusted to contain 4 N-HC~ and heated at IOO "C for 4 h. The hydrolysate was evaporated to dryness in vacuo and dissolved in 0.5 ml H20. Hexosamines were estimated by the method of Levvy & McAllen (1959) . A standard solution of glucosamine-HCl was taken through the whole procedure and used in the same estimation.
RESULTS
Efects of changing the temperature of growth of strain rodA and strain rodA ald Increasing temperature. The radioactivity of the mucopeptide fractions resulting from the incorporation of N-acetyl[ I -14C]glucosamine increased compared with that of the fraction made soluble by incubation with trypsin and labelled by the ~-[2,3-~H]leucine in the medium (Fig. I) . Two experiments are included, in which the growth temperature was changed from 30 to 45 "C at different times after inoculation. The amount of radioactivity due to the mucopeptide fraction increased immediately after the change in growth temperature, with no perceptible lag. The ratio of the radioactivity of the insoluble mucopeptide fraction to that of the trypsin-soluble material was plotted against bacterial dry wt in the exponentially growing cultures (Fig. 2) ; a rapid increase occurred which lasted for about three generations and then became approximately constant at a ratio that has varied in different experiments between 5 and 8 times greater than that in the cultures kept at 30 "C. Two possibilities exist: either the total amount of mucopeptide per unit of mass increased or the efficiency of incorporation of the precursor N-acetyl[ I -14C]glucosamine altered. This excludes alteration in the proportion of amino sugars in the mucopeptide, an assumption justified by earlier analyses (Boylan et al. 1972) of the walls of a rodA mutant grown at 30 and at 45 "C. There were no significant differences in the specific activities of either amino sugar as a result of growing the mutant at 30 or 45 "C and these activities were similar to that of the precursor, Nacetylglucosamine, in the medium ( Table 2 ). The amount of chemically-estimated amino sugar per unit of protein was 3'7 times as great at the higher growth temperature. Bacteria from cultures which had been maintained at 45 "C for more than twenty generations were compared with those after only three generations at this temperature, but no significant difference was found by either radioactive or chemical method. The reason for the discrepancy between the ratios (about 5 to 8 from the experiments using N-acetyl[~-~*C]-glucosamine compared with 3-7 from the chemical analysis) was not investigated. It was probably due to the relationship between the protein fraction used for radioactive assay and that used for the estimation of total protein by the technique of Lowry et al. (1951) . During growth at 45 "C, the change from rod to coccal shape proceeded throughout the period of increase in mucopeptide content and was complete before the concentration of the polymer became constant at the new higher level indicated from the radioactive studies. The greatest changes seemed to occur towards the end of the period of increase. Logarithmic plots of incorporation of radioactivity into mucopeptide-and trypsin- soluble fractions against time showed an initially steeper slope for the former after shifting to 45 "C than for the increase in mass. The increase in the tritium-labelled material made soluble by trypsin and assumed to derive from protein was parallel to that for mass. This result is to be expected if all or a high proportion of the radioactivity in the trypsin-soluble fraction is present in peptides from hydrolysed protein. Only a small alteration in the proportion of protein per unit mass had occurred ( Table 2) . The disadvantages of the use of N-acetyl[ I -14C]glucosamine to study mucopeptide synthesis are emphasized in Table 3 . In rich media (e.g. acid hydrolysed casein-glucose) not more than 10 % of the total radioactivity from N-acetylglucosamine incorporated into the cells is found in the fraction dissolved by trypsin (H. M. Pooley, personal communication) but in minimal salts-glucose media such as are used here the proportion is much higher and varies during growth (Table 3) . In view of these facts and the discrepancy between the chemical analyses and the radioactive incorporations it was desirable to confirm the kinetic results by studying the incorporation of ~-[~-l~C]alanine into the mucopeptide of the Dalanine-requiring strain. This method also allows the behaviour of the ester-linked D-alanine of the teichoic acid to be examined as well as the amino acid in the mucopeptide. The effect of raising the growth temperature upon the synthesis of mucopeptide measured in this way (Fig. 3) is very similar to that recorded in Fig. 2 . Due to the use of complex media and the absence of a requirement by the mutant for amino acids other than D-alanine, protein synthesis could not be measured satisfactorily by incorporation of a labelled amino acid. However, the increase in the ratio of the radioactivity of the mucopeptide to the dry weight of the organisms after shifting the growth temperature shows that there is a large increase in the proportion of mucopeptide in the cell that starts immediately after the shift and is closely correlated with the morphological change of the bacteria. Moreover, the ratio of the radioactivity of the mucopeptide fraction from bacteria grown at 45 "C to that in this fraction from cultures atj3o "C is very similar to that determined by chemical estimation of hexosamine in the two fractions ( Table 2) . Decreasing temperature. It is unlikely that when the growth temperature is switched from 45 to 30 "C the larger amount of mucopeptide present in the coccal-shaped bacteria is simply diluted out until the concnlunit mass reaches the value characteristic of growth at the lower temperature. The logarithm of the amount of N-acetyl[ ~-~*C]glucosamine incorporated into the mucopeptide fraction plotted against time (Fig. 4) rate of incorporation was reduced to about one-third of that characteristic of growth in mass at 45 "C. Mucopeptide synthesis then decelerated still further until 5 h after the shift, when it almost stopped. It then re-accelerated to the exponential rate characteristic of 30 "C. Mass increase also showed a hesitation, but 3-5 h after the shift. The exponential increase in the radioactivity in the trypsin-soluble fraction decelerated almost immediately after the shift from 45 to 30 "C and stayed at a constant exponential rate. The result of these various changes is that the ratio of the radioactivity in the mucopeptide fraction to that in the trypsin-soluble fraction material, shows a deceptively simple exponential decline (Fig. 5) . In view of the complexities of the changes shown in Fig. 4 it seems that this exponential fall does not mean that the fall in the amount of mucopeptide is achieved by an abrupt reduction in its relative rate of synthesis, followed by dilution of the excess present. The slope of the line (Fig. 5) is equivalent to a t, of I 50 min compared with a doubling time for the bacterial mass of 66 min, again showing that simple dilution of the excess mucopeptide is not the only operative factor. The morphological changes, as seen by the phase-contrast light microscope, occur principally during the period when synthesis of mucopeptide is rapidly decelerating. 
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Efects of altering growth temperature upon incorporation of ~-[~-~~C ] a l a n i n e
into teichoic acid. The amounts of D-alanine incorporated into mucopeptide and teichoic acid, calculated per unit bacterial mass, changed little with growth temperature (Table 4) , whereas the amount of alanine in the mucopeptide fraction was increased about five times by growth at 45 "C. Thus the change in the ester-linked alanine content of the walls (measured per unit mass of wall, not per bacterium; i.e. 54 % to 16 %, see Table I ) can be accounted for by dilution by an increased formation of mucopeptide rather than by a decreased formation of teichoic acid.
Growth of rodB with diferent glutamate concentrations
Previous results (Rogers et al. 1971 ) have shown no significant differences between the mucopeptide content per unit mass of the coccal and rod forms of rodB grown in liquid cultures. In this earlier work, 2,6-diaminopimelic acid was used as a chemical marker for mucopeptide estimation. The molar proportions of the mucopeptide constituents were likewise similar in wall preparations from the two morphological forms. It seemed unlikely that the transformant rodB104, produced from the strain rod-# originally studied, would behave like rodA and show a great increase in mucopeptide during the change from a rod to a coccus that occurs when it is deprived of glutamate. Nevertheless, incorporation of N-acetyl[ I -14C]glucosamine into mucopeptide was measured in the presence and absence of sodium-L-glutamate (0.3 %). When sodium-L-glutamate was added to exponentially growing cultures of rodB, a somewhat reduced incorporation of radioactivity in the presence of the amino acid was found. This did not correspond to a decrease in the cellular content of amino sugars ( Table 5 ). There appeared, therefore, to be no evidence for an alteration of the mucopeptide content of the bacteria with the change in morphological form. This confirms our earlier results (Rogers et al. 1971) . Specific activity determinations on the amino sugars in the mucopeptides showed that they were somewhat depressed by the presence of sodium-L-glutamate in the growth medium (Table 5 ). This reduction precisely accounted for the The organisms were grown and fractionated as described in Methods. The ' teichoic' acid fraction refers to the fraction of the D-alanine that was soluble in trichloroacetic acid within 20 min at go "C. The results were calculated from the radioactivity; the initial specific activity of the D-alanine in the medium was 9.9 x IO* cpm/pmol. The counting efficiency of l*C under our conditions was reduction of radioactivity incorporated into the mucopeptide fraction, The protein content of the bacteria per unit of mass was also unaffected by the presence or absence of 0.3 % sodium-L-glutamate in the minimal salts-glucose medium. Unfortunately, no D-alanine auxotroph of rodB is available to allow confirmation of these results.
The efects of diyerent growth conditions on the parent micro-organisms
The parent B. subtilis 172 grows at 30 "C in the presence and absence of 0.3 % sodium-L-glutamate and in the absence of the amino acid at 45 "C as a normal-shaped rod. The incorporation of radioactivity from N-acetyl[ ~-~~C]glucosamine was the same at 45 "C as it was at 30 "C. When the ratio of incorporation into the mucopeptide fraction to that into the trypsin-soluble fraction was plotted against mass of growth, a small, barely significant rise occurred both in the bacteria growing at 30 "C and in those shifted to 45 "C. The stable ratio was somewhat higher for the culture remaining at 30 "C than in that shifted to 45 "C. This reflected a slight apparent depression of incorporation of ~-[2,3-~H]leucine into protein or an increased protein content at a growth temperature of 45 "C. The presence of sodium-L-glutamate in the growth medium has no significant effect either on the specific activities of the amino sugars or on the analytical composition of the bacteria (Table 5 ). The revertant of the strain rodA ald also showed only small differences in the ratio of the radioactivity incorporated from ~-[r-l~C]alanine into the mucopeptide to the dry weight according to whether growth was at 30 "C, 45 "C or variable.
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H. J. ROGERS, P. F. THURMAN, C. TAYLOR AND J. N. REEVE rions). The amount of mucopeptide per unit weight of rodA grown at 45 "C is 4 times that at 30 "C by chemical estimation, but about 5 times greater by isotope incorporation methods. In order to change the teichoic acid-alanine content of the walls from 54 to 16%, the mucopeptide content would have to increase about 6 times. Thus most of the reduction in the proportion of teichoic acid in the walls could be accounted for by the increased amount of mucopeptide, with no change in teichoic acid synthesis. However, so far only the ester D-alanine in the teichoic acid has been measured, and therefore no account can be taken of possible differences in degrees of substitution of the teichoic acid by Dalanine. The teichoic acid molecules in the walls also contain phosphate, glycerol, glucose and N-acetylgalactosamine, and the present results should be accepted as suggestive rather than definitive. A failure to shut off teichoic acid synthesis as completely as had been supposed from analysis of the walls would, however, be consistent with the continued presence in the mutant grown at 45 "C of the key enzymes necessary for teichoic acid synthesis (Boylan et al. 1972 ).
The importance of having sufficient negatively-charged polymers linked to the mucopeptide to obtain the proper replication of the usual rod-shape of bacilli is illustrated both by the behaviour of the rodA mutants and that of the mutants of B. licheniformis or B. subtilis lacking phosphoglucomutase when subjected to growth limitation by inorganic phosphate (Forsberg et al. 1973 ). These mutants then form walls without significant amounts of negative polymers attached and are also round shaped. It seems to be irrelevant to the organism whether the lack of negative macroanions is due to a failure of their formation or to dilution by increased formation of mucopeptide.
It would be desirable to relate the molecular changes both to quantitative aspects of the morphology and to the process of cell division. The shape and mode of growth of these mutants makes both of these problems complicated. The so-called round form when examined in detail (Rogers et al. I 970) are an extremely irregularly-shaped sub-divided group of organisms, such that viable, or electronically made, counts on cultures would be of little significance and it is difficult to know which parameters to measure in order to quantify their shape. One possible approach to enumeration of the bacteria is to convert the culture to protoplasts and then to count these electronically (M. M. McConnell & H. J. Rogers, unpublished work) . This method, however, requires careful study before it can be applied to the type of experiments described in this paper.
Present evidence would suggest that there are two ways of arriving at the round morphology, since the rodB mutants show neither gross loss of steichoic acid nor increased formation of mucopeptide. At best the present results have only demonstrated a small difference in the specific activity of the amino sugars of the mucopeptide in the presence of L-glutamate. This may well be a secondary effect resulting from the main lesion, which unpublished results suggest is of a quite different nature.
